MASSACHUSETTS- INSTITUTE OF TECHNOLOGY 


Artificial Intelligence July 1^76 

Memo Ho. 375 LOGO Memo 28* 


A Case Study of a Young Child Doing Turt-lo Graphics Tn LOGO 

by 


Cynthia J, Solo iao rt 
and 

Seymour Faptft** 


ABSTRACT 
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ATtETEt ACT 


This paper explores some- Important issues ■with re¬ 
gard to using computers in education, It probes into 
the question of what programming ideas and project? 
will r-ngagic young children, Ip particular, a seven year 
ulcl child"? invnkviMTHTil in '11rl ir ^TiLphii'? is privumL ltiL 
as a eaise study. 


Tins ritscriLas and comments on the experi¬ 
ence of a young child Is the MIT AI-LOGO Lab where 
she was involved in talking in LOGO to a display turtle 
and * PDP-11/-45 computer. The child, a second grader, 
spent eeviral hours on a consecutive Saturday and Sun¬ 
day engaged in ! rill 1 real-in g debugging sessions. She 
workwl long and hard. Why she could do hu and why 
the experience was .«> interesting is partially explained 
by IcokLng at her past experiences. In mid-January, 
the year before, when she was a first grader, she and I 
started working together -earning about turtles and 
their world and thus explored turtle graphics, ’She 
visjtcd twice a week for a month, staying from Vs t<> -Vi 
of an hour- Wo continued to meet, but less regularly, 
utili) the end :iT April. During that time she Learned to 
talk to the d isplay turtle. She learned the LOGO turtle 
ctmunanda like CLEARSCREEN (CS), FORWARD 
(FD), RIGHT (RT) h LEFT fLT), FENDOWN {PD) , 
PEIS’UP (PI!); and she learned to use them I? make 
up berpyw n Dcinuirriis fnr the turtle, 

My goal for her (irat year had btmt for her to 
undL-rsLund procedures berth by using them and con¬ 
structing them. She was given the following kind of 
experience. She made the turtle draw something by a 
series of direct commands. She would then think of a 


* Tbp CTHH-pirri-, Ji-Kiibed in fhis p*per at Muni¬ 

ch uHrtl-v ]nyiit'ii* ol Technc-lkijn,- in tbs Artinei*! InwIlijcHiiu* 
L»lwr*tnry'c LOGO G-ItOUP, Under (be- rupiwrt at tbs N*.tliiflst 
EnartitvOe vl Rdwratten GnAt No. NfE-C-T-4-OOJV. ASal of tbs 
Ns.Li.inul fle'er* F-ijomJo-tiwi Grant Jf-n. EC-JOTiOSX.. 

ia finir.mk'n.lA !iy Dr. 


hhuth! fisr lhri fide Lm rii (pr ptix^.: qf pktijn.!) arid Leach 
that word <U> the computer. To help her In this con¬ 
struction I wrote -down the commands as she debugged 
them- When she "taught" the procedure to the com¬ 
puter ghc would Author rryid the command? m I bad 
written them iff 1 Would read them to her. Then she 
would try out or "'run 1 ' the procedure and mm Lf there 
were any bugs. 

The kinds of debugging aituaiions Eat encountered 
varied hut I was always ready to intervene in cuso the 
situation became unresokablc for her, I presented Eet 
with the same kind of material? and project? a? I de¬ 
veloped for older children. 'What I expected to ?e* with 
s young child was a dearer indication of where hugs 
JlL the materia) and ideas Lay, e g., what ideas are hard 
to grasp and what, ideas can be uuds-rsteod if presented 
in a crisper manner- or Imbedded in better situations 
From the sessions with Lin, another firat grader I had 
worked with quite extensively, I developed techniques 
and aids which have helped older children get Into 
turtle work, and aubprodedurixatLott, debugging, an¬ 
thropomorphizing. 

Let me back off a bit here and explain what prepara¬ 
tions J bad made, To aid kids in defining procedures 
;u;d Co exploit the idea of leaching things to the com¬ 
puter 1 provided a procedure called TEACH. This 
command was used Instead of LOGO'S TO for defining 
procedures- TEACH requested a name for the pro¬ 
cedure to be defined and then asked for each instruc¬ 
tion of the procedure by saying "'STEF ](J; h cte. until 
the child typed '"END* 1 - Thu? line number? were a?, 
signed to each instruction starting at 1(1 in Increments 
of 10, I also prepared procedures far making squares, 
circles and pieces of -circle, They require inputs, which 
allow their size to be vm-jed. The child sdso had the 
choice of using 1 -either R&QU'ARE or LSQ.L r ARE, 
KfllftCLE -or LCIRGLE, EtARG os- LARC. F-o-r ex¬ 


ample, 



could Iso drawn by RSQUARE or 
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LSQITaRE; only the turtle's starting and stopping 
states indicate ■which procedure should be used- All of 
these procedures were treated as primitive com mends. 
NnneUieEtHt^ tnost ehLLdren ■will teach the turtle to make 
& square or circle of filed aiie by iislng FORWARD 
and REGHT, thereby understand ing the turtle's be¬ 
havior in the process- 

The turtle became more than a drawing device. It 
whs a creature with certain behavior* which are inter' 
erting toetudy uni! might help us understand ourselves. 
The turtle Jives on a display -screen. Its initial state is 
In the middle of the screen with Its nc-se pointing north 
or at 0 degrees. We can change its state by telling it to 
move FORWARD some number of units or turn 
RIGHT Home number of degrees- Wo have marked the 
aniec-n with J differently colored labels,. NORTH. 
EAST, SOUTH and WEST. Bo we begin to build up a 
description of the turtle which is outside of the words 
provided by the LOGO language- Some of these we use 
to form a meta-language while ethers we turn into 
LOGO cctumuhli. 

The previous remarks, are meant to be background 
te the core of this paper, which is a picture of Est’s two 
day interaction in the turtie-LOGO world after a break 
of almost- sis month*. When Bet arrived ihero *M ao 
initial bit of awkwardness Hnr father was with her 
and wanted to set what kiuds of things she would be 
doing. The Wbtk area was drastically changed. And 
Eat wore a patch, on her Left eye. Her work from sis 
rnonthe ago was In her workspace- 3 HuggWted she 
show her father her dower, a rather spectacular piece 
Of opportunism. She exclaimed, "Oh yes you say CB 
seven times for this," She did It. her father flattened 
at having seen something and reassured! that she could 
see, left, We then abandoned last year's work and pro¬ 
ceeded to reinvestigate the turtle’? behavior, Sho re- 
rnembered turtle com man da En their abbreviated fnrsn 
like CS. FD. RT r LT, BK and alao TEACH. She hud 
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ditfioulty Mmembering how to execute commands, That 
is she forgot to pr&eg the CR button and she alao forgot 
to Hpace between words*-. Lust your (in anticipation of 
the Lets! keyboards) we had marked the OR key DOIT 
and thus the metaphor of '"teH the computer or turtle 
to DO IT." Unfortunately the key was no longer ho 
marked. Hut E?t developed mi intarafltiPE way out as 
a result. This Little anecdote will ho discussed later- 
i had net made a firm plan because [ wanted to sre 
what she remembered, how she had changed, what th? 
ulmoHjhbLTO was like. I didn't want to burden her with 
leal year's fiipcriencc. 2 hod. wanted to start off fresh 
and she toe wanted that m> ] cleaned out her workspace. 
Intellectually we’d build on what she knew but we 
wouldn't examine last year"* work. (Have you ever 
tried to understand a program yen wrote mix months 
iigp!> ! asked her to male the turtle draw a square 
ar a box. RV preferred to think of It as a, box. (Last 
year »he had written a procedure culled BOX.} 1 told 
her in review that RT tMI headed the turtle from 
NORTH to E AST. 

She made & square, Using TEACH (another result 
of work with Lin) aha defined FOX, her box. I helped 
tier by writing down what she did and reading it- out to 
her. Hut now I wanted to make her independent, I 
posed the following problem. Muko another FOX 
under the first Ilka thle: 

D □ 

I 4 
I- _ I 


Thu turtle drew FOX and Its stopping state was, £H> de¬ 
grees left at its starting state- This made the problem 
harder, more distracting. Eat kept producing 


The turtle's actions upside down I 


or thin 


but this 


wan bard, j sue. down and talked with 


her aboMt the turtle k none when it started usid when It 
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topped. I said J 'Waybe It would be easier jf the turtle 
(Hided the same way an it started.' 1 So we diAnged 
POX. SJm did find it saaier. 

Our iiL L Jc l project was a man, a stick figure man. J 
drew it- and uaEd, "What's that?” "A man” she said. 




We debugged it together faring the diffleultJea <rf this 



bfldpg the JjAroe Ms this 



, hut upilllio 


down. I picked this kind, of figure rather than one 
with different arms and legs because it is easier and 
harder. There are fewer part* making it easier, but 
the idea of representing arms and legs by the same 
procedure is a hit jarring the first time. It La r of course, 
part- of HiptoUing the subprocedure game. Another 
new idea she enonuntcred was having to relocate the 
turtle's starting state to Ktwiunotiate the man's head. 
We had to back the turtle up 90 units before running 
tin; man procedure. 

We taught the computer how to draw the LEGS/ 
ARM ft. first she taught the computer to EH which 


caused the turtle to draw this 



TO Kll 

10 RT SO She knew she could choose annthpr angle 
20 FD 10* 

30 EK 10* 

40 I.T 00 we emphasized the 9 purt process 
BO LT SO 


GO FD 100 6 v ^ a - 

70 El K Nl* 

" 4 t* A ^ W *t 7* n 


M RT fi(l 
END 

Now E«t forgot for m moment that our pSan had beta 
to turn EH upside down. When she ran EH she com. 
plained it wasn't making leg*. This is interesting be* 
cause it ofton happens with older kids um will- The idea 
of rotating objects to make diem be different is con¬ 
trasted he™ with ruLatlng objects to understand they 
don't change. Eat here we luok at the object differ* 


entfj, This shape 



cast only be arms, not legs, 


but rotated like th Li 



, it can he arms and legs- 


She taught D. 


TOD 
in RT ia* 


an KH 
ao rt iaa 

ENT 


last year she wouLd have said RT TO RT 

m 


She then put the piece* together and added a r,uck. 
This year she chose numbers like lfiO and 40. Last 
year she would Rut? picked 43, 49. etc. or 90. 

When it was time to make a head there was very 
little screen apace k-ft, j it coming and began 
■Suggesting teaching Cite litidy parts to the computer. 
When she ran into the difficulty we were already oink¬ 
ing [dans to deal with It. She taught UH and then before 
runnLng it she hacked the turtle 90 units. (This time 
she used **. Wan it house BK was not as familiar as 
FP?> When we made the head there were rotation 
decisions and then siae decisions. She had forgotten 
the effect pf RCIRCLE/LCIRflLfv'g. input, it was the 
radium not LW diameter, but one buggy drawing was a 
sufficient reminder. Here were her procedures, UH 
aind RUTH. By the way, using D for both anna and 
legs worked out well and surprised me. 


TO UH 
10 D 

20 FD 1EG 

30 V 


40 F [> 40 
EMD 


a - A , 



TO RUTH 

i* back so 
2* UH 
3* LEFT B* 

-a* RCJRCLE fi* 
5* RIGHT 90 



60 HAjjR 100 We took 90 away from 160 and added 
4*. 

EMD 


The way we worked followed last year's pattern: 

1- Draw something on paper. 

2, Draw "Hi" on the screen ualng direct commands, in¬ 
cluding suhproced ares glrcRdy taught. The quoted it 
fir') means that we are opportunistic. If something 
better turn? up as we draw we might change our goal. 

0. Now we teach the computer to do what we juat did. 
fThia Is the step on which 3 shall -concentrate in the 
nest pages.) So the model tor th= learner is; 

10 Do something 

20 Teach the computer to do it 
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In mart detai l we could add:; 

vr Plan iL ft ret 

1 b Think about haw you do Jt 

2b Think about why it didn't quite work . .. debug 

Next I ashed Eat to make another man without 

0 


life If 


destroying RUTH. We dLfejuwed how It differed from 
RUTH. This one was to be MARIE. Eat-really wanted 
to make MARIE and worked hard at it TVhat she could 
end what she could not do by herBslf revealed some in¬ 
teresting patterns I have often socn and talked about 
but which h*ve; not been diwuMwd explicitly. So let's, 
look in detail at her Ji rug je.sa. 

Remember RUTH used UH to moke the body, UH 
ran D to make the antis and the legs. To make MARIE 
«'f want to replace UH by a new procedure {Rat 
eventually called it R), hut Ar?t she heeded ta replace IJ. 
She called her new procedure K. 

TOK 
i» RT 

B&FDltW a t. ,_ 

"0 BK UKt . .. . 

40 RT ISO 

50 FD 100 - “*-*- 

50 EK 100 
TO RT 90 
END 

E»t due? nut do this directly- Perhaps doing' so is too 
"formal"' for bar age. Perhaps she west following a 
pattern. 1 had set up Lost year. Whatever the reason 
her way was to "be MAR3E herself', i.e., ahe would 
give the instructlona as direct commands which would 
later be taught using TRACK, This is how she did 
everything. But there ia mom: than one way to do this. 
So hack to details. 

I Left Eat entirely on her awn. She worked for &ome 
X minutes and eventually produced the result she 
wonted on the screen. Thia obviously show? a mastery 
of FD, RT etc. as well as an ability to urganiie her 
work- Put now comes- a difficulty often seen in children 
this i ll'l She has On the papHT In front of her ail the 
commands for MARIE. She knows how to use TEACH 
and certain ly could have typed it all in (thifl ehe had 
done before! ■ 11 at her im media to goal waa different. 
She set herself tbe sub-goal of '"teaching the legs'", l,e„ 
of making a subi»P&OB<hire K, which she would later 
Incorporate Into MARIE. But she bEocks here. She 


sfeHta? to ilnd it hard to ignlnto juat the instructions 
she need.-, for this. Wiry? la this a quirk of my coach¬ 
ing or something deep? Seymour says it looks like a 
"figure ground problem 1 ’, ''structure dependent per¬ 
ception’', ■"reversibility 1 ’ and like what J. BamberffeT 
mw in children's descriptions of clapping I don't 
know, but it feds like a real problem. 

I watched from a distance aiut evenlua lly decided to 
intervene following a principle of allowing children 
enough success aeon enough to make the tight worth 
while. It- needed hardly any intervention. In cases like 
this it usually doesn't need much. Often it is sufficient 
to say: "Ok, lot's do It together." But then all I do is 
read to her what she sees on her paper. Another tech¬ 
nique that gets the same result is to write, or have the 
child write, on a piece of paper juart what she hu? typed 
to the computer. Why do throe subtle things help? Be¬ 
cause it Is u trivial problem? Maybe. But perhaps also 
becauae it is a deep problem related to what psy¬ 
chologists might call attention and what we might call 
the control prore.iH of ait In procedure management, Any¬ 
way, it needed very little intervention and she was off 
on the track and soon Marie worked. 

Research iuuda; understand this phenomenon, gee 
better at observing juat what- interval don work* and 
why, track the progress of a child over longer pej-jpd?. 

SOME GENERAL OBSERVATIONS 

1. Compared with last year E!?t could, work much 
more independently. (More than half a year in a big 
piece of her ELfel) 

2. Her work with RCIRCLE and LC1RCLE would 
have been easier if the inputs were diameter (whLch 
'’exists.”') rather than radius {which is about a 
ron-e* istont point called center). Although later she 
made a design which wu:i understanduhlc because the 
input was the radius. 

3. She hod trouble remembering to +1 . This ahe 
cored by ploying thi? game with the computer: after 
typing an Instruction wnuld ?ny, lirmly and 
dramatically “DO IT 1 ' while hitting the CH key. £he 
knew what "game she was playing". There was no 
trace of my manipulating her. On the contrary she 
manipulated herself. Wc'lt mi? another good exampLe 
m day 2 of how site U able to set up a deliberate 
strategy of programming around her own perceived 
hogs. 

I .-iE". up the model for DO JT end rod thut the way I 
did Lt ithe rhythm, the degree pf "reality" and ala-o 
playfulness, etc.) made a very big difference as to 
whether this kind of thing wnrks. On Day 2 ahe Jn- 
vontvsE similar lcohni<[uc* of her own, So perhaps my 
suggestion took only because it was a kind of thing she 
dues spontaneously. Big research issue l! 
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Day 2 —JtyrafeMe.' 

A&aiti I liiiij no detailed plan except the general Idea 
«f making an ajiimaiion in which RUTH and MARIE 
■alternate to pLve a jumping effort, I had written a new 
nut Eo- help in snapping picture* called T!4 whose effect 
la lu «avo $N" APs, But when I used it with Eke | hadn't 
tried LtoitLand Lt had a bugl I really got flustered by 
that. Lesson : don't u?c undebugsed stuff, but if you do 
don't set flustered. 

To warm up ] showed Eat POLY. She played with 
inputs. I showed lier POLY 60 90, Then I asked her 
to change the shape. She tried POLY SO 30, She 
didn't want to call it a star (a 0 pointed start, then a he 
tried I--C.JI.V §0 40, POLY CO 60. Then she tried POLY 
£0 30, and POLY 20 20. She remarked that the last 
two were different sined circles. Finally she tried 
POLY 30 100 followed by POLY 50 100. She had to 
struggle with the Idea that the g Siguros were the same 
shape. The first one was very tiny. So she tried POLY 
1(10 ICICI. That ahe thought could be the same il? 1*0E,Y 
50 lt)Q, but still the fliie of the figures did bring into 
question whether the shnpo we* the -same. 

My Intijinbion on the day before was to make an 
animation using RUTH and MARIE We continued 
to work -on this scheme after I fixed u T3 buj, When I 
rtiwuased what we had to do: 

DISPLAY :RUTH 

WIPRCLEAK 

DISPLAY ;MARIE 
WIPECLBAN 

und do these steps over again, I then added wt; want 


o 

far ie jh potv a ids pci,t jtr loo 

the computer to wait and suggested that it WAIT 5- 
The followingcDirverjatjon ensued- 

E: Does that mean 5 seconds 
C: No 

WAIT (3Q is a second 
E : But if 1 say 1 that's u sramnd 
C: Yea but computers count faster. 

Then Seymour Intervened and played a RACE with 
her. He wrote RACE. It- took an input, a starting 
number and then counted up to £1 by one's, So 
RACE.-+123 4 6S1S .,.31 

He asked Est t* count against the aoinputor- Thu 
computer won. 

The racing and counting seemed tg jfU'fi ilElQihier di¬ 
mension and added more reality to some aspects of the 
computer: 

- , - its sequential behavior (After all up to now the 
roeulla of her prggrima have bacn etatic. So even if 





PCLf 59 5 * 



POlV 50 5 J 



P0L7 25 5-0 
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the drawing lb hecuentlal, the static may be more 
real.) 

„ , , ilg eenw nf tame 

. . „ its quick lies-s Reveal Lhtiugh thin isn't Ira the 
naiio-seccnd ratine.) 

She fhnahed teaching P to the computer. She and 1 
resumed our discussion about recursion, P was to be 
recursive, We hud played the people procedure game- 
{To PQW RAISE-ARM LOWER-ARM SAY-POW) 

last year bat ahe didn't remember. I asked her la btt 
the FOW procedure and vf worked through It- again. 
Then she made P behave Lp the same tray and ran it. 
The desired effect was achieved, 

1 asked htr to uae LGIRCLB Mid RCERULE to make 



she qvkklf ttnute 
□ul of tClftCLU flft and 
LCIROLE 50 



Again an Interesting phenomenon (the "atm-L uj> 
b'jjf”): she seemed to block until 1 said “What about 
moving the turtle?" A trivial piece of advice. Perhaps 
it really means “stop being complicated, do somethtHf 
wimple.' 1 

She asked how much to move It I answered, “Well 
it walks 9Q unite to the middle of the big circle and 
units to thp middle of the small so move Lt 9(3 take 
away (Ml. She did and completed the picture, We then 
took a break for lunch. 

By the way I had tried 1* accept her first version but 
she would not give up on the original pmture. 

After lunch I naked her to make 

o 


Then I went away. I ausipiscbed sho had ritualized her 
experience with the head of RUTH and MARIE /" "\ 
E wanted to see if she could undo it. 

&he worked very hard, 


o 


She got 


I finally modified the model to 




She said no she only wanted 1 leaf, (Esthetics). 

She did it ! She culled it DF for dumb dower (again 
emphatic and dramatic),. 

In all this I stee another interesting phenomenon. 
Call it making cliches. Are ting 1 good or bad? Perhaps 
IKGtsMry. Anyway that's how It scprtiS to tfb. CBey- 
mour xaya it now hug the blessing of "frame theory” 

and something cognitive psychologists c-jiII 'Vfceray- 
typipg". Again I don't know hat Pm gLad to know 
that theoretical people are paying attention to the 
things that seem important, Also, what du** Piaget 
mean by schema 7) 

Here is i series of events, 
ill making the men EksLcnnalriictcd 



The obvious first p&as f. Lining this is 
FD- 60 

RCIECLE GO 
but thia gives 




This time using LC or RC (which Lank diameter as 
their input), 
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The debugged versiOjL es FD &G 


A 


LT&& 

RCIHCLE GO 



Eat worked awhiU: on thia and eventually knew how tu 
make Ji lt> i rLike 



Now the flower model uadlud for 



which E.-d had previously found easier. Hut now she 
has trouble. She haa "formed a cliche" nr ''overgen- 
eralLsed" or whatever, Ten might say ''well she doesn't 
understand anything- She is, echoLnsr mechanically."' 
Ejt if* not so simple. Leak at what happened when I 
suggested putting in a leaf to form : 


a 



She didn't untie- 



as she would if "LT SO RCIHCLE" had been c-omjilch-ly 
ritualised. So it's more subtle- Actually Est had de* 
v cl oped another cliche. Instead of saying LT HO, she 
would say RT 90, HT 90, RT M. In this problem there 
was payoff. Then she would always turn the turtle 
right. 

My nest susgeslion wua to, make a row of fluwere.. 
Slie did 


DF 



but the wcotid DF drew the asme flower again- Aston¬ 
ishment! Hug 3 Again s very u trivial" piece of advice 
gel her going. 3 pointed to- where the next flower eouild 
be. No words were necessary <wh»l a lesson for taLka- 
five teachers!) , . , ska knows how to drLve the turtle 
and she quickly drew a row of flowefi*. 


DF 
RT 00 
FP GO 
HT 90 
RT 00 
RTW 
PF 
RT W 
elf. 


oo 


'“Fantaatic" I aaid, "“and what about one to the left,” 
&erL*aa chinking. It has to go BK ISO she said, "be*- 
cause there are 1 S3 of them,' 1 
Again the research problem i What do thr^e ''little' 1 
aid* mean? What is the tearner'a problem, This 
learner jumetijrieH handled thla emssir.gly. Her flower 
drawer is called DF. Like many children her ago she 
some rime a reverses letters and espcually since FEJ la a 
LOGO word . So several times, her intended DF got the 
reply; 


FORWARD NEEDS MOHR IK PUTS 

&i she wrote a big D F on a piece of paper, Put n circle- 
around it and looked at it ritualisticHily every time- she 
wanted to draw a dower 3 i.Bc*L model this year of 
debugging.) 

I cn-.phunLit;: the particular trick for DF was entirely 
her own Ldea, If 1 helped it we* by conveying (rather 
than telling) an attitude to debugging and towards 
iunrig paper and pencil as a material aid. 3 hud often 
taken up the pencil In times of difliculty- 

Finally another ''cliche" which I already mentsoneth 
Eel never used LEFT spontaneously. She know what it 
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did and urouid oblige if ufctd to use it. But on her own 
she would cmy 

RT 90 
RT 90 
RT 9D 

either than 

LT90 

There Heenied to be- no re&x&n. to complain or ‘'correct" 
this perfect]}' adequate representation] It might be 
JiLtertMtinjf to watch its development. lint proatftbly not. 
One day siit; will use LT 90 and no one wll] ever know 
wiathippeftsd- Kscflpt her, perhaps. 
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